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By W i l l i a m  L, Besdo, Karl Kovaoh, and John We R; Creagh 
The NACA i s  invest igat ing a se r ies  of 5-33 turboje t -  
engine compressors t o  determine the  over-all and component 
performances and t o  improve theor ies  of flow through large  
cen t r i f u r a l  compressors, The production model 5-33-A-21 
was operated over a range of i n l e t  temperatures from 00' t o  
-40' F and i n l e t  pressures f rom 14 t o  5 inches mercury abso- 
l u t e  f o r  equivalent  ixhpeller speeds from 6000 t o  13,400 r;;m, 
A t  t h e  equivalisnt design speed of 11,500 rpm, the  compressor 
had a peak p ressure ' r a t io  of 3.98 a t  an equivalent weight flow 
of 73.4 pounds per second and an ad iaba t ic  temperature-rise , 
ef f i c iency  of 0.701.' %!hen the  compressor speed was reduced 
frcm the design speed t o  6000 rpn, t h e  adiabat ic  temperature- 
r i s e  ef f ic iency increased t o  0.747e A t  the  maximum eqyivalent 
speed invest igated (13,400 rpm), a peak pressure r a t i o  df 5,09 
was obtained a t  an adiabat ic  iemperature-rise e f f i c iency  of 
0.617 and an equivalent  weight flow of 66,O pounds per  second. 
An increase i n  i n l e t  pressure from 5,s 'to '14 inches mercury 
absolute,  with a co~.sequect incrdase i n  Re~~xolds  number index, 
improvcd the pressure r a t i o  but '  had no apparent e f f e c t  on tho 
r a t i o  of temperature r i s e  through the compressor t c  i n l e t  tem- 
perature. The var ia t ion  of t he  peak ad iaba t ic  teaperature-r ise  
ef 'ficiency with i n l e t  prcssurq i s  i n  the d i rec t ion  t h a t  mould 
be expected from a Reynolds numbcr e f fec t .  Decrease i n  the  
i n l e t  tompcraturc from 80' t o  -40' F, with a consequent increase  
i n  Reynolds numbcr index, resul ted  i n  s ca t t o r  of the  pressure- 
r a t i o  data  and incrcasod valucs of t e ~ p c r a t u r e  ra t io .  The 
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v a r i a t i o n  of t h e  c d i a 5 n t i c  tempera ture- r i se  e f f i c i e n c y  w i t h  
i n l e t  tompcraturc i s  probably t h e  r o s u l t  of h e a t - t r a n s f e r  d f f e c t s  
and s c a t t e r  i n  t h e  p re s su re  r a t i o .  
A t  t h e  r s q u c s t  of t h e  A i r  Nateriel 'Cmmand, D&, A i r  
Forces,  a n  invest igTt . ion i s  being conducted a t  t h e  NACA Cleve- 
land l abo ra to ry  t o  de te rn ine  t h e  performance c h a r a c t e r i s t i c s  . 
of a s e r i e s  of 5-33 turboje t -engine  compressors. The ob jec t ives  
of t h e  i n v e s t i g a t i o n  a r e  t o  i nc rease  t h e  weiqht f low per  u n i t  
f r o n t a l  a r e a  of t h e  compressor, improve t h e  F res su re  r a t i o  and 
e f f i c i e n c y  a t  a given speed, and inc rease  the  fundamental know- 
ledge of flow through l ~ r g e  c e n t r i f u g a l  compressors, Because 
t h e  rnaximm p o t e n t i a l ' i t i e s  .of t h e  c m p r c s s o r  ? r e  being sovght,  
a sepa ra t e  of t h e  compressor r a t h e r  t han  of a 
complcte t u r b o j e t  engine i s  being made. The cor?pressor w i l l  
be ex t ens ive ly  i n s t r ~ i e n t e d  t o  de t en l ino  t h e  o w r - a l l  perform- 
ance of t h e  conpressor ,  t h e  c h a r a c t e r i s t i c  performance of t h e  
compressor conponcnts, and t h e  s t a t e  or" t b c  a i r  a t  t h e  cmbus t ion -  
chrnioer in lc t -guide  vE.aes. k s e r i e s  of c o n f i g u r a t i o ~ s  of i m -  
p e l l e r s  and d i f f u s e r s  w i i l  be exper imenta l ly  i n ~ c s t i g a t e d  t o  
determino poss ib l e  sburces  of l o s s e s  2nd t o  a r a lyze  im~rovcmcnts  ' 
af forded  by su'ssequent modificatio.ns,  Compressor performance 
augmentztion, such 3s t h ~ t  of fe red  by v f ~ t e r  i n joc t io r i  ( re fcrcncc  I ) ,  
ah511 a l s o  be conSidercd, 
I 
The f i r s t  i n v e s t i g a t i o n  was made of a product ion nodcl  
5-33-A-21 cbmpressor. Runs vrere made over a range of equ iva l en t  
impeller spcods from 6000 t o  11,500 rpn w i t h  an i n l e t  p rcssuro  
of 14 inches  nc rcu ry  &bsolu%d drid i n l e t  tompcrature of 80" F. 
Addi t iona l  runs  a t  the des ign  equivalent  speed (11,500 rpm) 
were nade wi th  dn' i n l e t  p re s su re  of 5.5 inches mercury absc lu t e  
and i n l e t  temperatures  of 0' P and -40' F t o  determine .the 
e f f e c t  of i n l e t  p re s su re  and tekweraturc on coxpressor  per- 
formance, A run  was a l s o  made a t  5 ' i n c h c s  mercury abso lu t e  
and t h e  h ighes t  equiva len t  impelley speed poss ib l e ,  13,400 rp?, 
t h e  a c t u a l  r o t o r  speed being l i n i t e d  by t h e  encrgoncy r z t i n g  
of 12,000 rpn, An inc rexse  i n  weight  f low f o r  an equiva len t  
impel le r  speed of 13,400 rm n e c e s s i t a t e d  docreas i r g  the  i n l e t  
p ressure  from 5.5 t o  5 inches mercury absolute .  Compressor 
performance was detemlined a t  a31 i n l e t  c a l d i t i o n s  arid over 
a range of weight flows a t  cach speed inves t iga t ed*  
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APPARiXTUS AND INSTRUlJ.i3NTATION 
Apparatus 
- . 
.T-he 3-33-A-21 cornprcssor a s ~ e m b l y  c o n s i s t s  of a  double- 
en t ry  centrifugzzl impeller ,  a  vaned d i f f u s s r ,  end a cornprcssor 
casing. As a component of a  t u r b o j e t  engine t h i s  compressor 
produced a maximum pressure r a t i o  of 3@90 a t  a  weight flow of 
76 ~o.unds per  second wi th  standard sen-level i n l e t  condit ions 
and an a c t u a l  impeller  s ~ e e d  .of 11,500 rpni. ,The compressor 
dimensions a r e  a s  fo1loi~:s: 
. . 
Impel ler - in le t  d,iarneter, inches ,.,.,..,,,;,...r,r.,.t' 18.31 
Impeller-outlet diameter, inches . , . r ,  . , . c.. . :,. , , , .'. 3O,OO 
Nmber of impeller  vanes, per  s i d e  ,..c.,.r.*. 31 
~ l f f G s e r  inlet-vane di tmeter ,  inches ,,,., .. . , . . . . ,.. 34,06 
Number of d i f f u s e r  passages e e . r , . e r r e o s . * . . o , e ~ r . e e ~ e .  14 
Mean d i f f u s e r  dischzrge diameter; inches . . , ,qp . , r , , , ,  42.88 
Diffuser  o u t l e t  passage a rea ,  square inches per  
. ? passage e + l . * + c s c e r s , * . r r r r * e * c p p e * * t t e - e e y e e a . o  10.41 
~ ' p h o t o g r o p h  of t h e  experimental setup i s  shown i n  f i g u r e  1. 
The cmpressor  assembly   impel lo^, d i f f u s e r ,  and casing) was 
mounted ins ide  a s tagnat ion  chamber, which was an a i r - t i g h t  
s t e e l  tank 6 f e e t .  i n  diameter and approximately 13 1/2 f e e t  
i n  length  ( f i g o  2 ) *  Three screens  were f i t t e d  i n t o  the  tank 
ncaz the  midsection t o  remove any f o r e i g n  p a r t i c l e s  and t o  insure  
smooth flow* Because of t h e  l a rge  cross-sec t ional  area of 
t h c  tank,  the  ve loc i ty  of t h e  a i r  through the  tank was negli-  
g ib le  and t h e  k i n e t i c  energy of the  i n l e t  a i r  was assumed t o  
be snal l .  The t u r b i n e  end of t h e  compressor %as bol ted  t o  a  
bulkhead p l c t c  and fastened t o  the  r e a r  of the  s tagnat ion  chamber. 
A s ing le  modified a i r c r a f t  s t r u t  supported the  accessory end of 
t h e  u n i t  from the  bottom of t h e  tenk t o  prevent t h e  u n i t  from 
being completely supported as  a  can t i l eve rb  
The impeller  was dr iven by a 9000-horsepov~cr var iable-  
frequency induction motor, with a nlaximum speed of 1793 rpm, 
through an 8,974rl speed increnser ,  h spl ined coupling con- 
nected t h e  speed inc rease r  t o  t h e  ccmpressor imprlllcr shctft, 
The i n l e t  a i r  passed through a submerged adjus table  o r i f i c e  
i n  t h e  i n l e t  ducting, i n t o  t h e  s tagnat ion  chamSer housing t h e  
cmpressor ,  and i n t o  t h e  compr6ssor. air discharged from the  
i m ~ e l l e r  through t h e  14 d i f f u s e r  passages i n t c  14 d i f fuse r -  
o u t l e t  t r a n s i t i o n  ducts  approximately 16  5/8 inches i n  length. 
A discharge duc t  3 7/8 inchcs i n  diameter and 22 5;/8 inchc-s i n  
length  extended from each of t h e  d i f fusc r -ou t l e t  t r a n s i t i o n  
ducts  t o  prcvide t h e  spnco f o r  compressor-outlet i n s t r m e n t a -  
t ion ,  These . t rms i t l i cn  and discharge ducts have an approxi- 
in9.t&'b;er-3ll.le11gtf?l of 39 inches and ?re not  found i n  t h e  
~cdlivd6tional  t l~rbaje t -engine  asse~ibly.  The a i r  was then d is -  
charged,into a  c c n t r g l  coJlect ing chmbcr. Two 20-inch r r d i a l  
o u t l e t '  pipes on d l h ~ b ~ k i c a l l y  opposite s ides  of t h e  co l l ac t ing  
chambir dischargca th& a i r  i n t o  a  con3qn ,2-4-,inch duct conncctcd 
L .  ' 
t o  *fie . ic,borrtory exhqust. ,f~ailii.t.i'~s+. 
. a . 4  
. . 
.. .. ' 
Compressor &.let and o u t l e t  pressures 'werc regulated by 
b u t t e r f l y  t h r & t i e  valves* The i n l e t  ducting,  s tagnat ion  chamber, 
and the  14 d i f f u s e r  discharge ducts were insu la ted  t o  minimize 
hea t  t r a n s f e r  Setween the  working f l u i d  apd the  r o m  a i r ,  
b 
' .  
I -  Instrumentation 
8 ,. 
The weight flow through .the compressor was measured by 
a submerged ad jus tab le  o r i f i c e  Jocated i n  a  s t r a i g h t  sec t ion  
of t h e  i n l e t  ducting. The pressure drop across  t h e  o r i f i d e  
was measured by a water d i f f e r e n t i a l  manmeter,  The tempera- 
t u r e  and the  s t a t i c  pressure upstream of the  o r i f i c e  were 
measured t o  determine the  dens i ty  of t h e  a i r ,  
Two thermocouple rakes on opposite s ides  of the  s tagnat ion  
chamber together  with t w o  to ta l -pressure  rakes and two s t a t i c -  
pressure t aps  were used t o  determine the  skate '  of the  i n l e t  a i r .  
Each of t h e  thermocouples' and to ta l -prassure  tubes was located 
a t  t h e  root-meantsquare radius  of the  t h r e e  annular areas*  The 
w a l l  s t a t i c -p ressure  taps  werc l o c a t e d - i n  the  smo plane as  the  
thermocouple rakes and to ta l -pressure  rakes, A 3 1  ins t runenta-  
t i o n  i n  the  s tagnat ion  cham5sr was made i n  a ? l aas  dovrnstream 
of the ' sc reens ,  approximately nidway between the  screens and 
t h e  compressor i n s t a l l a t i o n .  
Compressor o u t l e t  measurenents were taken i n  the  14 d i f f u s e r  
dischargc ducts approximately 34 1/2 inches from t h e  d i f f u s e r  
elbow, Two w a l l  s t a t i c -p ressure  t a p s  were i n s t a l l e d  on e i t h e r  
s ide  of each duct. Two to ta l -pressure  tubes were i n s t a l l e d  
90' from t h e  s ta t ic -pressure  t a p s  and placed a t  a pos i t ion  one 
t h i r d  t h e  passage diameter, I n  add i t ion ,  a  s i n g l e  thernocouple 
was located  a t  t h e  center  of each duct, A l l  outletmeasurorncnts 
were made i n  t h e  same cross-sec t ional  plane, 
Prossures were measured wi th  water and mercury manometers, 
A l l  t enpera tures  were measured on a  ca l ib ra ted  potentiometer i n  
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.. . 
. . 
conjunction with a spo t l igh t  galvaioketer, The speed of t he  
cmpre  ssor s?ms determined by an e l e c t r i c  c h r o n o ~ e t r i c  tachometer, 
The precis ion of t he  rneasurcments a r e  'estimated t o  bc within 
%hc follcwing l imits:  
.r - , , 
Tem$eraturc, OF ,v..,, ,.....,, . . . . . ~ . . . , . ~ ~ . . d ~ ~ ~ i . ; * .  +0,5 
- 
Pressure, inches xercury :~bsolute  . .; .. . ..', . . . .:.  .. .,. +0.04 
A i r  weight floN, percent rig.. .. r e .  v 9 .  *.. . .. . 1.0;s~ t o  =1950 
-Spocd, perccnk Q e a Q o e t a y e e r . . e ' a * e e . . ~ ~ . e e *  - . . * . . . . * . . * 9  fOL3. 
. . 
. . 
I -  
. . 
METHODS 
. -  
The runs t o  deternine the  over-al l  gerfcrrmance chnrncter- 
i s t ics 'o5:  the.  compressor were made a* 80 F and a t  the 'h ighcs t  
iliZct pressure pqssible as l imited by t h e  power and gear r& io  
. of thc  dr ive  un i t ,  Runs t o  determine t h e  e f f c c t  of i n l e t  pres- 
' ' 
sure and tenpcraixre  were nade, The lovfcst i n l e t  tem.perature 
investigated ,yms -40' F, which 'could be obkained only by re- 
ducing the  'Lhlet pressure t o  approximcteky 5,s inches mercury 
'absolute  beciause of the l imited quan t i t~ ;  of rc f r ige ra tcd  a i r  
avi i lnble ;  -A .ran was a l s o  made -ivvith an i 'nlet tsraporaturo- a t  
a OQ F. A '  summary of t he  ccndit ions i s  given in  the f o l l m i n g  
teble:  
, .  8 
I ' 
t .  
. i 
. . 
- .  . I  . ." 
0 '  0 
'~onn-ai r  temperature vnried fran 75 t o  85 F 
A l l  data vere corrected t o  NACA standard sea-level  
condit ions where : 
$3 
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' N a c tua l  impeller r o t a t i ve  speed, rpm 
U ac tua l  irnreller t i p  speed, f e e t  per second 
6 r a t i o  of i n l e t  t o t a l  pressure t o  sea-level' pressure. 
0 r a t i o  of i n l e t  t o t a l  t empe r~ tu r e  t o  sen-level temperature 
RESULTS AND DISCUSSION 
- I n  f igure  3, , the  pressure r a t i o  p f i l  
*- i s  s n of equivalent weight flow ~ j 6 \ 6  and 
, equi%ldnt' velum. f2ow. . v'I/B. 3 with. f l y  contours, The 
. I , .  
, ., pea!: pressur'c' i - h t i b -  at. the design equivalent speed of 11,500 
rpm* vns' 3';98 aKd ttfe f . 1 ~  ct t h i s  point  was 73.4 pounds per 
r t  4 . .  
second + pi'g'ui-e' 4 prc sent* sthe, . a a ~ r , e & ~ . o ~ d P n ~  v s r i a t  ion of c om- 
pressor adiabat ic  tenperature-r ise  e f f i c iency  Tad ' with equiva- 
l en t  weight flow. Peak 3diabat ic  temperature-rise e f f i c iency  
a t  t he  design equivaleat  speed of 11,500 rpn V J ~ S  O i 7 O l  and was 
- .  , obtained a t  an equivalent m i g h t  flow of 73+4 pounds per  secondi 
When the  compr~ssor speed was r e d u ~ e d  from 11,500 t o  8500 r p ,  
the  peak e f f i c i ency  increased skhghtly t o  0,710; peak e f f i c iency  
then increased t o  Oc747 a s  the  speed was reduced t o  6000 rpm, 
The performance of the  compressor a t  t he  mnximm r e m i s s i b l e  T, 
speed< i n  t h i s  i n s t a l l a t i o n  i s  shown i n  f igure  5. peak pressure 
r a t i o  of 5.'09 was obtained a t  an equivalent weight f l o w  of 86,0 
. 
pounds per second and an ad iaba t ic  gempzrature-rise e f f i c iency  
of 0,617, whioh i s  0,084 lower than t h a t  obtained'at  t h e  design 
speed. This d r 6 p  i n  ef f ic iency indicates  Q c c i t i c a l  flow con- 
d i t i on  between 11,500 apd 13,400 rpm. 
L 
. . 
- I '  -- I" -. - . . . _.. __, 
~ f f e c t  of i b l e t  temperature,' - Thc effect- ,of  i n l e t  tempera- 
t u r e  bn ~ d i a b a t i c  %emperature-rise e f f i c iency  hiid pressure r a t i o  
i s  presented I n  f igure  6 ,  The peak ~ d i a b a t i c  ternpcrature-rise 
effidie-ncy vras af'feet?? ?nly sl.ight ly  vrheri. t h e  i n l e t  temperature 
was reduced from 80' t o  oV.l?. The'-yjeW cff ic ioncy then dropped 
0,013 when t he  i n l e t  temperature was r e d u c ~ d  t o  640° Fs The e f f i -  
ciency a t  an i n l e t  demperature of 0' F was .higher than a t  80' F 
i n  general,  but  betGeen O0 and -409 F, t he  t rend i s  apparently 
reversed* The maxi6urn va r i a t i on  i n  peak pressure r a t i o  was 
s l i g h t l y  more than O r 1  ('approximately 2.5 percent),  The peak 
pressure r a t i o  increased with a drop i n  tenpcraturor The e f f e c t  
of ' in le5  temperaturp on equivalent  veight  f lornr was sinall (1.0 
and wi thin  %he accuracy of: thc  z i r  metering d e ~ i c e ,  
.! 
I 
Effect  o f  i n l e t  pressure. - The of fcc t  of  i n l e t  pressure on 
adiabat ic  temp&r&ture-rise e f f i c iency  and.pressure r a t i o  i s  pre- 
sented i n  f igure  7. The peak adiabat ic  temperature-rise eff ioioncy 
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decreased 0.010 when the i n l e t  pressure was decreased from 14 
t o  5.5 inches mercury absolute. Over the range of a i r  flows 
obtained, an approximate decrease of 0.010 ms obsekved a t  a 
constant weight flow with a decrease i n  i n l e t  pressure. The 
peak pressure r a t i o  decreased approximately 0.08 (2.0 percent) 
when the i n l e t  pressure was reduced t o  5.5 inches mercury 
absolute, The equivalent weight flow was decreased with a 
decrease i n  a i r  pressure. This decrease amounted t o  2,5 pounds 
per second o r  approfimately 3 percent when the i n l e t  pressure 
was reduced from 14 t o  5.5 inches mercury absolute. Data f o r  
i n l e t  pressure of 29.92 inches mercury absolu%e would probably 
show a corresponding increase i n  weight flow. 
Effect of Reynolds number. - The variation of adiabatic 
-
temperature-rise efficiency, peak pressure r a t io ,  and temperature 
r a t i o  (T2 - T1) / T ~  with Reynolds number index P ~ / ( ~  f i )  i s  
presented i n  f igure 8. An increase i n  in l e t  pressure. from 
5.5 t o  14 inches of mercury absolute with a consequent increase 
i n  the Reynolds limber index resulted i n  an improved peak pres- 
sure r a t io ,  whereas a decrease i n  the i n l e t  temperature caused 
a sca t t e r  of pressure-ratio data. Increase i n  the in l e t  pres- 
sure and Reyxlolds number index caused no appreciable effect  
upon ( ~ 2  - T1) / T ~ .  An increase i n  the Reynolds number index 
with a decrease i n  i n l e t  temperature from 800 F t o  -40° F 
resulted i n  increasing values of (T2 - T ~ ) / T ~ .  This trend may 
be ascribed t o  heat tranlsfer, The variation in peak adiabatic 
te-mperature-rise efficiency with i n l e t  pressure i s  i n  the . 
direction that  would be expected from a Reynolds number effect;  
however, the variation of efficiency with in l e t  temperature ana 
i t s  resul tant  Reynolds number index i s  for tui tous.  This varia- 
t i on  is  probably the r e su l t  of s ca t t e r  i n  dver-all  pressure 
r a t i o  and of heat-transfer effects .  
SUMMARY OF RESULTS 
An investigation of the perforplance of the J-33-A-21 turbojet-  
engine compressor produced the following resu l t s :  
1. A t ,  an equivalent design speed of '  11,500 rpm the compres- 
sor had a maximum pressure r a t i o  of 3.98 a t  an equivalent weight 
flow of 73.4 pounds per second and an adiabatic tenlperature-rise 
efficiency of 0.701. - 
2, When the  ccrnpressor cquivalcnt  speed was reduced from 
11,500 t o  8500 rpm, the  peak a d i ~ b z t i c  tenpcrature-risc e f f i -  
ciency increased s l i g h t l y  t o  Oa710; peak e f f i c iency  thcn in- 
crcnscd t o  0.747 as the  speed wss f u r t he r  reduced t o  6000 cquiva- 
l e n t  rpm. 
3. A t  t h e  maximum equivalent speed invest  igatcd,  13,400 
rm, a peolr pressure ratic! cf 5-09 was obtainad a t  an adiabat ic  
$cmpcraturo-rise ef f ic iency of C# 617 and an equivalent weight 
f . 1 0 ~  of 86.0 pounds per second. 
4, With a decrease i n  i n l e t  temperature frcm 80O t o  0' F 
the  peak adiabat ic  temperature-rise ef f ic iency was affcctod 
only s l igh t ly ;  t he  peak off iciency dropped 0*013 when t h c  i n l e t  
kempcrature was reduced t o  -40° F, 03cr t h e  grcmter p m t .  of 
t h e  flow range t h e  cff ic icncy a t  an i n l e t  tmpc ra tu r c  of 0' F 
was higher than t h a t  a t  80° F, but then decreased as  the  i n h t  
temperature was reduced t o  -40' F, 
5. With a decrease ir, i n l e t  tompcrature frcm 80' So -40' F, 
t h e  maxipum var ia t ion  i n  pcak pressure r a t i o  was s l i g h t l y  g rca te r  
than 0.1 (approximately 2.5 Thc peak pressure r a t i o  
obtained'with the  i n l e t  temperature of 0' F was g rea te r  than 
t h a t  observed with t h e  i n l e t  tcmperature of -40° F; pcak prossurc 
r z t i c  with i n l e t  temperature of 80' F VIES l e s8  than thatoob- 
.. ta incd a t  the  two lovrer i n l e t  tcmpcraturcs, 0 F and -40 Fa 
6,  Thc e f f e c t  of i n l e t  temperature on equivalent weight 
flow was small (1.0 ~ e r c e n t )  and within the  accuracy of the  
a i r  metering device. 
7, Peak ad iaba t ic  temperature-rise e f f i c iency  drcrcascd 
0.010 when t h e  i n l s t  pressure was reduced frcm 14 to.S.5 inches 
nercury absclute at a constant i n l e t  ternnerature of 8oa' F. 
Over the  range of a i r  flows obkained, an approximate decreqse 
of 0.010 wrs observed n t  a constnnt weight flow ~ 4 t h  a decrease 
in  i n l e t  pressure, 
8, ' The peak pressure r a t i o  decreased approximately 0.08 
or 2 percent when the  i n l e t  pressurc was reduced from 14 t o  
5.5 inches mercury absclute a t  a cons t cn t  i n l e t  temperature 
of 800 F. 
9. The equivalent weight flow decreased qs t h e  i n l e t  
pressure was reduced* This decrease amounted t o  2.5 pounds 
per second, or approximately 3 percent when t h e  i n l e t  pressure 
was reduced fron 14 t o  5,s inches nercury absolute a t  a con- 
s t a n t  i n l e t  temperature of 80' F,, Data f o r  i n l e t  pre'ssure of 
29,92 ihches mercury absolute would prcbab'ly show a corresponding 
increase' i n  weight flow, 
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10. Variation i n  the i n l e t  pressure from 5.5 t o  14 inches 
mercur;r absolute with a consequent increase i n  Reynolds number 
index resulted in  an improved over-all pressure r a t i o  but 
caused no appreciable . erf e c t  on the temperature r a t  lo .  The 
variat ion of peak adiabatic temperature-rise efficiency with 
i n l e t  pressure and Reynolds number index i s  i n  the direct ion 
that  would be expected from a Repolas  nw>er  effect .  
. ? . I  % 
I .  
. . 
11. Variation in the i n l e t  temperdtiire from 80° t o  
-40° F with a consequent increase i n  Reynolds number M e x  
resulted i n  sca t t e r  of the oveGial1 pressure r a t i o  and i n  
increasing values of the temperature ra t io ;  t h i s  increase is  
probably due t o  he.a$:,,t;ransfer, The variation of the peak 
adiabatic temperqt&e-rise efficiency with i n l e t  temperature 
aria Reynoldsth&ber index i s  fortuitous.  This var iat ion i s  
probably the resu l t  of s ca t t e r  i n  the over-all pressure 
r a t i o  and of heat-transfer e f fec ts ,  
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Figure 1. - Setup for investigating performance of 5-33-A-21 turbojet engine 
compressor. 
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Equiva lent  weight  flow, w n / 6 ,  I b/sec 
Equ iva lent  volume flow, Q/W cu f t / s e c  
F igure  5. - V a r i a t i o n  of pressure r a t i o  
and a d i a b a t i c  temperature-r ise  e f f  i- 
c iency w i t h  e q u i v a l e n t  weight f low a t  
i n l e t  pressure o f  5.0 inches mercury 
absolute,  I n l e t  temperature o f  -40' F, 
and e q u i v a l e n t  speed o f  13,400 rpm. 
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speed, N / v T  tempera- 
3 
Equiva lent  weight flow, WfF48, Ib/sec 
I I I 
900 I0 00 1 100 
Equiva lent  volume flow, WJg, cu f t / s e c  
F igure 6. - V a r i a t i o n  o f  compressor pres- 
sure r a t i o  and a d i a b a t i c  temperature-r ise 
e f f i c i e n c y  w i t h  e q u i v a l e n t  weight f low a t  
i n l e t  pressure o f  5 . 5  inches mercury 
absol u t e .  
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E ~ u i v a l e n t  w e i g h t  f low,  Wm/6, I  b/sec 
900 1000 1 100 
E q u i v a l e n t  volume flow, ~ / u ' 8 ;  cu f t / s e c  
F i g u r e  7 .  - v a r i a t i o n  o f  pressure r a t i o  
and a d i a b a t i c  tempera ture - r ise  e f  f i -  
cie.ncy w i t h  e q u i v a l e n t  weight  f l o w  a t  
i n l e t  tempera ture  o f  80' F and equiva- 
l e n t  des ign  speed of, 11,500 rpm. 
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Figure 8. - E f f e c t  o f  i n l e t  pressure and temperature  on corn- . 
pressor  performance a t  equ iva lent  design speed o f  11,500 
rpm. 
- 
v 
I I I I I 
l n l e t  pressure I n l e t  temperature 
( i n .  Hg abs.) (OF) 
- 0 5.5 80 
5 . 5  0 
A 5.5  -40 
- v 14.0 80 
.75. 
0 
n 
-'Peak .70 
'lad 
.65 ' - 
1.5 2 .5  3.5 4.5 5.5 6 . 5  
Reynolds number index, PI/(C(fll) 
0 C 
A 
V 
